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Abstract of JP20031 75749 

PROBLEM TO BE SOLVED: To change 
strictness in running motion control upon 
controlling running motion of a vehicle by the 
steering control and the driving force control. 
SOLUTION: A target front and rear force Fxt, a 
target lateral force Fyt, and a target yaw 
moment Mzt of the vehicle based on an ideal 
vehicular model are computed S100, S150, an 
actual front and rear force Fx, a lateral force 
Fy, and a yaw moment Mz of the vehicle are 
computed S200, and a target slip angle [alpha] 
ti and a first target slip ratio [kappa]t1i of the 
respective wheels are computed S300 on the 
basis of the above computation. A steering 
control means is controlled on the basis of the 
target slip angle [alpha]ti S1000, S1050. A 
braking and driving force control means is 
controlled on the basis of a second target slip 
ratio [kappa]t2i computed on the basis of the 
target front and rear force Fxt<SB>[kappa] 
</SB>, the target lateral force Fyt<SB>[kappa] 
</SB>, and the target yaw moment Mzt<SB> 
[kappa]</SB>on the basis of an actual 
vehicular model in a second control mode 
S550-S700, S1050 and is controlled on the 
basis of the first target slip ratio [kappa]t1i in a 
first control mode S900, S1050. 
COPYRIGHT: (C)2003,JPO 
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> h £Mzt. tLXTK.<0&2 5\z±*)Mi?£ti 

[&9] 





"SFx/ 




"Fxt B - 


Fx" 




8Fy Q 




Fyt a - 


Fy 




8Mz„ 




Mzt„- 


Mz_ 



...... (2 1) 

[0 0 4 9] ttz±ntt2 2 d F. l±#¥^co 

^O^t* 5 o lc±£JM|<9firf££iFx, 
Fy, 3-*-*> hMz<7)fe]E&$:&i'pft&&&§liZ-z>^ 

5S2 6Stf2 7 o*t>$7t^.o i^±fes:2 5-27 
\zx *)m<£ztiz 0 

10 [0 0 5 0] 

imi 0] 



d F = 



SFx„ 
8Fy 0 
5Mz„ 



= J„6a 



•(2 6) 



mi 1] 



Ja= 



8Fx 

da, 

dFy 


3Fx 
da 4 
dFy 


3a, 


Ba 4 


9Mz 


dMz 


Da, 


3a 4 



(2 7) 



[0 0 5 1 ] $IJffl)g1l^»fltflJt«¥SHSS^LT#*|& 

3L, 



30 



!^=2W ea 8a+2W a (<x+Sa)-2 J a T W 



* S *U SfcOtt a KfcjEfi * a t ^iDf $ fL-6 i t (C 

[0 0 5 2] BflUlEiEJI* «tliJSLTOtt<#*<b*i 
&o BP*>±fE^2 1 i r>TlS05$2 8 U ffffiM 

SL. * J S/>T-*-2> t § iZlid L a /B S atfOX'&Z, 
<7)-C. TiE<7>5$2 9jWS:£U fi^TMHfcE** at 
liTIBcDst 3 0 U J: <0 mt> S ft* 0 

[0 0 5 3] 

mi 2] 

^(A,,- J 8a) (2 8) 



(W*. +W„. +J. t We, J.) S a + 



<Ja = (Wf. +W». +J. t We. J . ) 



[0 0 5 4] [4] •Y-tf/U 
7y v *sx.9 J-T^eT'JVizXtUS^ K i £ 9 -f tOT, 'J 
'^*iU FziSr^-YOgMttHSfgi U K.o *ffif 

^•^K. JBLZfzi — i- 'J >^/\"7-K. l±-?-;h.-r*iTfE?> 

e £*ft-?*iTiE03$3 5&J/3 6 i:TSb*nifi 
cos<9fiSLKsin(?fili-?-tl.-rtLTIE<7)^:3 15. 
tf3 2 lCTgt>$tL^, 0 



40 



(Wu. a - J . t We. A . ) = 0 

(2 9) 

(J « t We. A. -Wua a) 
(3 0) 

[0 0 5 5] 

m 1 3 1 

cose r =£ ( 3 1 ) 

A. 

• a — K a ton o& I o o \ 

' K X 

K r = K„,Fzi (3 3) 

K„=K m ,Fzi (3 4) 

i K, ' + ~^K~ 1 (35) 

t-i- s^fti-m (36) 



50 



(8) 



#W2 0 0 3 - 1 7 5 7 



13 14 

[0 0 5 6] ZLXjrJWmfcJjFxiRZfmijFyilt t>2tlZ B 
c ^OX'tbht §KI±TfB©5$3 7£tf3 8t^T^t>$ [gel 4] 

Fxi=-^i r Ki-fiFzicos^ n (l -3^ 2 +2^ J ) (3 7) 

Fyi =_i^«i^i_ tlF2 i sin< , ii ( 1 _3^ + 2^) ( 3 8 ) 

Fxi=~iiFzicos0 fi (3 9) 

Fyi = -*iFzisin0 fi (4 0) 



[0 0 5 7] [5] Sife^ffi 
^S£H* fcU $i^>f-^-^tLi:l, Jf 



M h (H -HJ Gx 



2 L K_ 
. M b (H-H,) Gy 

— K e — 
"K e K 
K 



10 ^^y^n-jVBOttfcKjr tL f«OH'7f«tt 

Ht$&> *»»0«*«f»F«i ( i =fU fr. r 

1 > rr ) iiTfEO^:4 3 IZX V^ObbtiZo 
[0 0 5 8] 
[%15] 
..(4 1) 



"FzfT 




Fzfr 




Fzrl 




F zrr 





[0 0 5 9] [6] ^^fiFf^FxiSO^Fyi i 
ff 

T (Ai) Sr##^0^-f -YUf^tlFxiS.^^ J'Tffi?) 
F yi * «M«>ttftA FxS Fy CWHt * i 
L> #3&T (i) Sf/L (i) fc^ti-TftTIfiOjJU 6S 
tf4 7 lcr3t:b£*i.£tti:1-& i, MEWltrfl:* Fx& 
U f «tJFyliTfficO^:4 4 K-CSfcStU flL$P5(733-* 
- j» > hMzl±TIBWS:4 5 lZTg.t>2tli, 0 
[0 0 6 0] 

(4 4) 



Mz=X[T(i) L(i)]T(8,)p*|J 



•(4 5) 



T(i)=Trf/2 
-Trf/2 
Trr/2 
-Trr/2 

L(i) = L,/2 
L f /2 
-L r /2 
-L,/2 

[0 0 6 1] 



(4 6) 



30 



40 



i =fr©,t£) 
1 =fl<Dt#) 
i =rr(D<t#) 
i=HCDt#) • 
i =fr©££) 
i =fl©i£) 
i =rr©t^) 

i=rl©££) (4 7) 

£JtTKgs#©l2$r#fl?. Loo, 50 



(4 3) 



*>* 

[oo6 2] m-<omffiMm 

»*3Si-«BM»jaEBI, H2li«-©lltt»«S©«ll*P** 

[0 0 6 3] ili:Kv>r ( 1 OliiMIl 2 Kj£«S;ft. 
7tfEI&if.i: tr<7)jc> v>$r^LTj3 »9 , J- > v > 1 0 
<r>mW}f3lih)v? 1 4#.U f h9>*5 7 v a 

> 1 6 Sr^Lrmt/i4 1 8^mm^ti. mtim 1 8 

D^7->t7l>2 2S{/Mffl7'D'<7yt7 h 2 4^ 

fcmznzo i->v> i o©m*iiac*uj: ij*fts 

[0 0 6 4] ift|7"D^5yV7 h 2 2 CDIEI&TJ liffi 
tf07l/^y^3 0K<fc *)7ifr^¥«3 2L»ir 

£tm¥tt3 2RM£3ts*u .imct 19 7££<7)ftr$& 3 

4FLRIT3 4FRa t EHBe»S*l4 0 HttfC&ltft 7*D ^ 
7-> + 7F24 OfEKi7Jli^:t&'r*'f 77V>y+*3 6 
U «t •) 7Ef£l&j£ttl 3 8 URtffcSMMUlll 3 8 RMSit S 
ft, .Iftic<t >9;feft©&*&4 ORL&UU ORR* ? [3^IE16 

Sft£o 

[0 0 6 5] fr<Lth^73 Wn*-? 14, l-7'/7> 
5 y v a > 1 6 , ■b>*-f^7Tl/>yt«'20, t5 



(9) 
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t&f 7 7V>->vA3 0, f^T'-r 7 r u > v r;v 3 

.^W|Ell)^li£*lt^3 4PU 3 4FRSy f &*f^4 0 
RL. 4 0RRK*tL — S^@e^Jt^lCTi>->*> 1 0 <7)|g 
te h A- ? £:Kl7>L, > ->* vftUflPSIg 2 6 14 J. > v > 1 

[0 0 6 6] £:£c75iitr$S3 4FL, 3 4 FR£.?/;£;&<7)f£$& 
4 ORL 4 0FRfO«(116*l4ftlJ16^g4 2 CO fa JE EES 4 4 
K4 IJi^lDi" S-t^-^y'J >^4 6FL, 4 6 FR, 4 6 10 
RL 46 RR05tfJS&ff Jl*SW S*t*.IiK4o T ffijffil $ ft 
&<> gJlcM^SfLTV^fcvva*, faJEHj&4 4 I4'J^*- 
*-f>p#v/, «A<o#f£g3££-g-<*, 

sou 4 7 K*tt4»:&fci6i:TTO* ft* > 

[0 0 6 7] SfcEll K*3*lTV»4Jq<, 

3 4FLB.U f 3 4FRi4mT^ffl»^g5 2 U4 *)»tc^ft 20 

H*OHMUgJ8K»v»T»±, M$£ffliStEi£g 5 2 (4 
Steele i4^t7U>y*-f-JU5 4 OftJIftftftKlD 
£ L Tffifij S ft * faff jS*);* 7 -*-rT ') >^gI5 6 
£*L, &*Olt^3 4FLS.17'3 4FW4/N°V-^-rT 'J 
5 6 K4 •) 9 4 K5 8L£c75 8R£?>LT 
Sfi£Sft*o 

[0 0 6 8] n y K5 81*8.^5 8RK:i4-*-ft-rft-?- 
ftf>0*?*fi$?rpJ^$IJ«-r-2>r^^j-i-^ 6 OLS. 
1^6 ORri f t£ft<b*l.Ti3'3, Ty-^-xJ.-? 6 OL&i^ 6 
0RI4SEftftW3lg6 2i:i IJSU^lSft, ZtliZi so 
£<DTitr3g 3 41^*5.^3 4 FROtt A 14*851 (CS^LT, f 

[0 0 6 9] H*K, £e<0«^4 ORL&UU 0RW4& 

nfflssiegg 6 4ic4 <o&%z$tiz,o ms>m&tfcmm.6 

4 !4ilte#lC i4^f7T/^^-^54 O&tHftft 

*¥&Ki£gLTSgi&$ft&faffj£o^7-;*-r7 , J > 

^16 6**L, t*©M<^4 ORLS.^4 0RRI4/N- 
7-Xf7'J >^t6 6K4 0^"fO y K6 SL&tf 
6 8R£tf-L-C^#c£*i.&o 40 
[00 7 0] ?-f07K6 81^5.176 8RtCli-?-ft-Pft-5- 

ixh<r>fiMz*'%m.mw-t2>Ti?*3.3--9 7 ols 

tT7 0Rd f fStt<bftT43lJ, a-7-77 7^^16 
ea^TJ'fiX-? 7 0U 7 0R(4fl«S$lJffll§igg6 2 
lc4t?S«$ft, £ftK4 4 ORL&UU 0 

RR<7)^l4ffiHH?43iLT, * fcflrti 3 4FLK.U f 3 4 FR 
t (4ffi£LT£OT£ft£4 1 IC&oT^&o 

[0071] vx±.<r>m.ws. *)M*tu<. mnmmt&w. 

5 2, &*ffl«tt£C6 4, KAC(WP$IB6 2(43^ 
Ol**fc*fl5fcl±4teM«K#*«3 4FU 3 4 FR. 4 OR so 



16 

l, 4 oirottftfrfflHKfflfv^ffi&aiettia^ftfrfli 

»^14 2, S^J©^g5 OI4jIg#<D©J|gBi^t 

g 5 0 (4J*Jlt$IJ®l#SSc/$iJlgil)^SIJ®#S^ft1Jffl-t* 

[0 0 7 2] m^SUffll^g 5 0 UttJfiS-fc 7 2 4 •) 

K*>t7 6 iUti?ixt«l 2 01ltftiDjS«Gxa 
0 ? »2jniftgGy£*-f <!-§-, Hr>-9-7 8 4 

¥«(03-l/- h y Kf*-t>-9-8 0 4 

>-^fiM 7UWi-4Hf*Fb (SfE#CJ:«Mlb 
WWSWfc*) »»aac-t>-9-8 2i (i=f 

1, fr, rl, rr) 4 •) £*IMtaW£*ftltO*|fc3ait 
Vwi 5r^i-{g-§-, ff?j-tr>->J-8 4i (i=fK fr, rl, r 
r) J:«3&*lWrt»ao l lfe*«ltO«0»fiEPi, gp*>*-f- 
;^->'J >^4 6FU 4 6 FR. 4 6 RR, 4 6 RU*l<7)ff;£j £ 

(4-7X^ ->'J >^4 8l*I<7)JEt)XI4-/l'-+^^^4 7 
<ORf*ji*^ hn-^(c4i9^ffi?ftTfc4v> 0 

[0 0 7 3] -*i>v>»J»S12 6t:lii>y>il 
te&-t>^8 6 4 •jiVv'VlKE&Ne^^-rM^ ^ 

a> (SP) t>t90in7>X57ya>16<0 
v-7 hsKv-va >PsSr^1-M-?-**At».$ft. ift^O 
#-f-|± je. > Vfljftl^g 2 6 4 lj S'F-ftllffll^g 5 0 IC 
AS^ft^o ^ate#lC4*|gK)^$IJ«^4l4Ty'-b 

[0 0 7 4] jgtctE^©JWSg6 2 KI4«#Eft-fc>-9-9 

>? s sf7 Y<r>®m&mt Lxmtne mm%iz*.z 

**6«»i»ft*) *^-*-«-&R0 f *EA-tVJ-9 4i (i 
= fK fr, rK.rr) 4 »» U f £*»*©iefc 
w4rftff^?Jl, Cft<b<75«-f-l4fcft*IJWgg 
6 2 4 »)m?-ftlJ^^g5 0tc^A^$ft* o 
[0 0 7 5] KfltrfifeSnaJK-b 7 4 l4*fi<7)7jpiS*|6] 

B — ]s— Hr 7 8S.U f S#Eft-t>*9 2 (4-f-ft-Pft 
*«<7)£^(a^[fi]^iEt LT«Sp^S#*^tb1--S) 0 f 

v >ta«i§ta 2 6 , m^-mmmw 5 0 , tgAiMn 

fig 6 2 !4^tcl4-?-tL-?-*ft0!)x.li , C PU> ROM, R 
AM, Affi**«*«-trv^ ?D3>^-WI1 
BBCTiftS tlX 4 v^ 0 

[0076] $.izm3 izfjkztitzyu y t&mz^mL 
x mmmm u » it * jt^w^ <o«Eg n o r mm-r h . 

^#7*n *<DftlJfflll4H4 7i>Sl2l8 lC^$ft/;JV-f-> 



(10) 
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[0 0 7 7] ifyD-;?BlC^T$JiVx, 
ft*, xn? Mu||j§£Ta, Hf*Fb*uafe-^S*|RO* 

i^-r-yt, g^HrmipJIKGxt. g&fitiP&SGytJi* 

HiT&SFxt, g««*Fyt, 113-*-^ V r-Mztri< 
iiS?rt*o 10 

[0 0 7 8] $tz7uy ?B3l,z1fc^r3L&Vx, 
£0. XV y MH^gTa. SttJFb^H^o'i^O^ 

SttIiiU$fi»3-v-)- r> fr&ip&jgGx. 

[0 0 7 9] fLT7n^B5i:^tS-OgIf 
ftOgSSWfiA^Fxt-Fx, Fyt-Fy, Mzt-Mz 20 

tLtat?^ fxi -y ? b 6 izifc\,*x ±&<vm$-fflm 

[1] ici 0 g«^§U®it LTco#^og^x'; 

•^7"ftati (i = fl, fr, rK rr) RZf%— <T> g^JIE 
mtiUM^h Lt^ftS(7)|S^'J y "/^/ttli (i 
=fK fr, rK rr) ^WgSfl, ~7X1 ? B 7 ICJS-V^T 

su* 1 ) v-rnati k*o* i g tme^ <? w i 

(i=fK fr, rK rr) tf»M.2tl. ^WIBftSw 
§ «ie A e vt i ic 4 -£> J: 0 SMBWIW^fijWW *P £ ii 

[0 0 8 0] Sfc7n?*B 8i:»v>T#Woieftff 30 
w, xn-;> MH^gTa, »#Fb«fK*-=f§IIRW>:WPi 

T tUCIb A ©J«¥S £ ©J® -T * *!> CO*W<75 g * 3 - U 
- \ y t . > StKlffi&lin&ftGxt . , g««*DiSSGyt 

. **?»fi[?*T., yn y ? b 9 i:^^tsro@i$«ft 
«i»#g*«««i-r*fc*owii<ogsi)trift*Fxt « , g 

lititftFyt., g«3-^e-> > hMzt. 
-5) o 

[0 0 8 1 ] itz-?V y ? B 1 0 lZte^X$^&n&mft 40 

ntkmm. (Fx, F y , m z ) asm* 

W&. (Fxt. , Fyt. , Mzt. ) \z&3%mwMtimw 
^WL*mw-$-z>tztb<r>m-<r>SWi8mM.b.* * ? Fxt« - 

Fx, Fyt. -Fy, Mzt. -Mz fc LT?fc#£*K 7*n 
?/Bl 1 US«-V>T»=<75gSftUigi6*«U»at LT# 
¥iOSCOIS^'J -yf^Ki2\ (i =fK fr. rK r 

r) wmnzti&o 

[0 0 8 2] IC/DyJ-B 1 2K«-V'T*-fc>§«Mt 
«Pl*jSB#cffiI; (Fxt, Fyt, Mzt) &U f HI£<0:f:g5rtgB 
ttJR* (Fx. Fy. Mz) U*r^#*«JB*<0«3gO* so 
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X rn7?Bl3i:TSSii4fflDfif 

tci ")*U5e*BaittAx#afiiEffixo*si-c*4 1 # e 

li^-WI^'J -7y$/«:t2i3i ? yo-y^B 1 4^ttif& 
StK #J^&^AX* J *i£^XoW±T-<ib* t §KI4 
lg-<0g«IX'J -yy^/ctli^ro^^B 1 4^ffi*&$ 
tt&o ^LT7D -/ ^ B 1 4 Kj*-^TI±Jf$— 0§g^ 'J 
y^KtliXlilPi^gilX'J ^•7 B ^/ct2i 
*S<TCg;gSftUf&EEPti (i=fK fr. rK rr) 
fih i#Ki>v> 1 OOl^S/h^^Tet^SS 
ft, #*$SofWi!j£ p i g mWMK P t i 1:4 -5 i d «U 

> <omb Yfrf tfBmmm h >v * t et ^ i ? ^ > ->* 

>10«liiW ! lfSl?W o 

[0 0 8 3] ^^il4^SI2l8lc^$it^:7n-^^- 

wzmmz&igLnftztiZo 

[0 0 8 4] i-fX-ryf5 0izn^Xl±m^-t>^-7 

?rt>ti. zy- ~j-f\ 0 oizft^xitg.&vxmizm'D'z 
-oiiiiwsrtfflsttisit i.x*m<»Bmmma»BLG 

xt 1 UWfE-T * jMSSO g Ultffiti Fxt K g ^«t»P^S G 
yt 1 Ktttc.-r Z> -%mn g Fyt K S§3 - U — f y 

[0 0 8 5] Xf7y2 0 0i:^vtli$ilVxfi:i 

^SP^S GxKWlBi- S %m<7>®Wl Fx, «t)PiSS G y 
lC^lD"t-5^SI<0**Fy. 3-l^-h 7 H*tlSi-4<t 
«03-*-> > hMz* J iSlfi[$zX, .X^? -/3 0 0 K 

BUZ 1 ) v-f^Ktli (i=fK fr, rK rr) **«Jt* 

[0 0 8 6] 0 OH^V^TIiKx. Ky, Km 

^^zt^'tiiEcOftmi: LTTffi<75^:4 8 lcMcT^J»)# 
X. « ^<^JS»ffi A X 3ft«* Jt S tl 4 t * » I , Jt^tt A X 

0 O^it*-. ^m^Wnt>ixtzt %\z\*X7-v 
7*5 5 O^iltfo 



(11) 
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20 



A X = Kx I Fxtl-Fx I +Ky I Fytl-Fy I +Kml Mztl-Mz I 

(4 8) 



[0 0 8 7] Xy- y -/5 5 0 K^Xlt^Vx^izm 

mmmGxt 2&i%nzti^ ^f-;y6o oc»v>ni 
g xt 2 wis-* zi£m<oB mmnai f xt 2, b «ffibn&£ 

Gyt2»=WJ6+43WB«>E»l«*Fyt2K BSS3-V- 
r- yt2K*tJS1-.5>:gS50lfi?3-*-> > r-Mzt2ri J « 10 

[0 0 8 8] ftxf-v-7°l 0 OKj^t.&S&W^T'Ji' 

- h rtl^Oj^S-^-r-y ^5 5 o u^^^t•^>fl^iMil ; e 
7*>w; j:*t&-rog;ii¥si:i*si:£i urowogga 
-v- ]« y t2^<7)«»i±, m&mfr&izn^xx <*o<b 

atft**t?J:v'. 
[0 0 8 9] Xt 5 0 Kj^Tlif^jjEcoia 6 20 

m-<DSW:X') V7"Q K \?x (i=fK fr> rK rr) >&* 
ifcgStL, XT v -7 7 0 0 lcS$-v>Tt±f&£<OEI7 
*tfcA'— f-vua-aT^-WtoillWttffiPti (i=f 
1, fr> rK rr) #. IK > ->* > 1 0 <T>EUMW) h fr* Te 
t*»at»**L, L*»*^-r 7^9 0 O^jltro 
[0 0 9 0] Xx-y 7"9 0 0 KS^TJ±#:M&<9Bg?.x 
1; yf^t Lt|-<0|gX') 7 y' , 3^/ctli#^^ffl$:^^ 
aai4:lfc§;*■r v?7 0 0 O^&'&i; R-OSSi:T#$ 
MOgHWttEPti (i=fK fr. rK rr) Rl^Vv 

/? = / (Gy/Vx-y) d t 

avf\ = (p • Vx+ Lf 

<r vtfr = (y9 • Vx+ Lf 

awl= (/? • Vx-Lr 

a wr= (y9 • Vx— Lr 

a i = # w + a ui 

[0 0 9 5] f fcTEoa; 5 5 - 5 8 fcffc-a -C&jf$£<7> 
»*^tW|jr«aSVwci (i=fK fr. rK rr) 

V\wfl=Vx+Trf • y /2 (5 5) 

Vv*fr = Vx-Trf • y /2 (5 6) 

Vvwcrl = Vx+Trr • y /2 (5 7) 

Vwr = Vx-Trr • 7/2 (5 8) 

Vt vm = Vwti (cos 6 vti —tana i •sintfvi) 

ki = 1 - Vrw/Vtw (6 0) 

[0 0 9 7] XT'J-fZ 2 0{Cj«-v>T(±±IEiC3 1 -3 Z 
3i:ftoTmO»*fSFa (i=fK fr, rK r 
r) WmWZtl, Xf7y3 3 0i:^TIJ±fES2 7 
Stf 2 8 XI±±IE* 2 9 fttf 3 0 (Cfto T#*«0«rfife 
#FxiRir«:&Fyi (i=fK fr, rK rr) 50 



> 1 0<nE1%mW)\' n'?Tefi) t mg.2il, XT-y-flO 
0 0 KS$-V>TI±3£j£OIlJ8 iZTjkZtltzfr-TXtZQtvX 
S-W&<7>Bgllffll&EPti (i=fK fr, rK rr) Stf-X 
>v> 1 0<Oi«ig»h^*Tetri f fit*$*lSo 

[0091] ^f';yi 0 5 0 U»v»TI±#W&0*6ft 

152 au^fSfflSSeSlfi 6 4 ifiVSAVm^M. 6 2i:± 
•3*OT£*K 4 -/Uv'J >rfft)Pi**gSI 

*iii&EEPiifc*5j:diw»*«4 2* t w»3tt, ^>v* 

> 1 Ooffiii r-^Te^gJf&ibMv^TetUfc&J: 
T jn>v> l 0* J i>v>fttJffll^M2 6 l;J: >9$IJffll$^ 
-2>o 

[0 0 9 2] H5U*£*Lfc#**©B«*U 
tiS-If^— Wg^X 7 -/35/ctli}gtg;l'-f->i73X-r 

ft aiStf* 1 ; y/^/ci ( i =fK fr, rK rr) 

[0 0 9 3] mifTfBOsSU 9 K&oT*^.*'; ? 
7*ft £*K TEOS5 0-5 3C«oT4rW» 
OSflfe^Ojt^lpjft a vi (i=fK fr, rK rr) 
H^ft, TIEOS 5 4 CSf o 'J 7 "/ft „ i 
» vi t «»jft«>Ji6ff LT?S# 

*^JttT*lfi]ftovili#*|&<De*^Pzi (i =fK 
fr, rK rr) oafr^^MiOHrlfe^I^UWLii-ft 



30 [0 0 9 4] 

(4 9) 

y) / (Vx-Trf • y / 2) 
y) / (Vx+Trf • y /2) 
y) / (Vx-Trr • y / 2 ) 
y ) / (Vx+Trr • y/2) 
(5 4) 



(5 0) 
(5 1) 
(5 2) 
(5 3) 



JgVtvi ( i =fK fr. rK rr) im.fi. S tl, 
^ 'J y -f^z K i *«T|B«)A 6 0 l-^o T»» ?ti4„ 
[0 0 9 6] 



(5 9) 



[0 0 9 8] X7-7 -73 4 0 ICJS-v»TI±±sES:3 4 - 3 
7i:ftoTWi©il[|WFii, «SFy, 3-*-^>h 
Mz#«S?*l, ^f7 7'3 5 0tc^v^Tli±f£^:5l; 
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[0 0 9 9] X-r >7"3 6 0 U»v»TliW!IOlt«*F 

•y-f3 7 ori*v>T»±±fBS:i ouaoTsaMiEiE*^ 

>J 7^<7)B^jE4<y *ti ( i =fK fr. rK rr) i>* 
[0100] ^7 7^3 8 0K]l£v*Tli#*»OgS* 

y ? an v-?fta\ t*y ? yft^i 

t Oft t LTTEOS 6 2 t:{Eo T»||l 5 tL,- Lj6*&« 
Xf 7"/4 0 O-^ittfo 

ff ti = a i + £ a ti (61) 

«tli = «i + * /c t i (6 2) 

Vv«tfl = Vx+Trf • y /2 

Vwttfr = Vx-Trf • y /2 

Vwctrl = Vx+Trr ■ y/2 

Vwctrr = Vx-Trr ■ y/2 

Vt W i = V wet i (cos 8 vtfi — tan a t i 
[0103)^77/7 2 O^TIi^Oi^'J 

§TffiC0^5 9Ufi6oT#*»Oi*WftajtVr^i 
(i=fK fr> rK rr) *L*o 
Vrv*i = ( 1 — /c 1 2i ) Vtvai (6 9) 

[0104] ^77/7 3 o tc^v^riiTiaos:7 oc 

S6 o T WB<7) 1 aitirSt* F xt » 1 »* A Fyt (DiiJj t 

Lxvm<osn9kttFxytipm*&ti2>k#K. tie- 
& i k 4 < »i(7) § Fxyt £ 

iS5S^*Fxyti (i=fK fr. rK rr) **TIEOS: 7 
2-7 5Uftor»JtS*L, SUE«5S^*FxytiO*' 
•OfWfc*filO*»i: LT#»OBtMUMIfc*Fi« 
ti (i=fK fr, rK rr) a*TR*> 7 6 Hfto T»Jt § 
ti&o TBE<7)S:7 2 - 7 5^»tt* gtifi*SniiK-e* 

[0 10 5] 

Fxyt = (Fxt 2 + Fyt 2 ) 1/2 (7 0) 

Fzfl + Fzfr + Fzrl + Fzrr=Mv • g (7 1) 

Fxyt fl = Fxyt • Fzfl/ (Mv • g) (7 2) 

Fxytfr = Fxyt • Fzfr/ (Mv • g) (73) 

Fxytrl = Fxyt • Fzrl/ (Mv • g) (7 4) 

Fxytrr = Fxyt • Fzrr/ (Mv • g) (75) 

Fwcti = Fxyti - cos ( *r / 2 — tfvsti) 



[oioi] ttzm6iz7r,2titz&m-&v>m-e>gmx 

y y a /2£«t2iiRg/i'-7->o*7- ? 76 6 0i:^t 

OUftSFx, «*Fy, 3-*-* > >MzOBSH£E 
iA« **3tgS*K ^77^6 7 0 ^V^T(i*ttOHr 
ft*Fx, jf#Fy. 3-*-> > hMz^#*«<7>^y 

7y$«i CTfiM^n^ i}±IB5$;i 7i:i 

!)«fcS*i**3lf7> J . ^$f£*K ^77^68 
0 KJH*"CliJ:R*2 0 i:Sot^ y y T^OBStejE 
10 i£*ti (i=fl, fr, rK rr) Xf^/ 
6 9 0 K»v>TliTKtf>S;6 3 i:ffiot#*ftOgZO 
g«^y y^apict2i* t *»Sii. 1^^77/7 
0 O^jttfo 

k 1 2i = at i + £ * t i (6 3) 

[0 10 2] H7U^Siifc#Wfc^BaHW»ffPtia 

7 P 71 0 HSJ^TCK TlBtf)5t6 4-67 Kfi£oT#jf 
•OSfift^OSIRlWrftaftVwrti (i=fK fr> rK r 
r) i)mnZtlZ>t$k^ TE«*6 8i:ffioT4rW 

20, <&(£ft*|nJO§«SflfcJIffVt*ti (i=fKfr> rKr 
r) **i**3*L*o 

(6 4) 

(6 5) 

(6 6) 

(6 7) 

• sintfvai) (6 8) 

= Fxyti • sintf vti (7 6) 

[0 10 6] 4 0US^v^Tti^Jx.(^g^*tt 

aBEVrviiO«pHI«^ti: LT#*ttag«*1Mni^ 
so Vrv*di ( i =fK fr. rK rr) $ tt^ t 

«r Iwfc LTTiao^:7 7 T#*^<7) g&HC y . 

;V^T\Mi ( i =fK fr, rK rr) £ fl £ e 

Tvai = Fwcti • R w-h I w Vrv4di (7 7) 

[0107] 7s t 7-/7 5 0 ^V^Tti^:TC0*t&Og 

O^it*. SJfefliaiifxtotLfci: ^1:^77^7 6 0 

40 ^Jltfo 

[0108] X77/7 6 0 K^Tiav? F^/va 

B»*HJ:*4r**U»-j-4 J->v*> 1 0OlEttjh;i-^ 
Oir2**^Xi (i=fKfr, rKrr) (0<Xi<0. 
5, 2Xi=l) tU IZg^<J0g1illteh;V^TvstiO^ 

^oft^:114-Tvtfmixi: L, ISifih;^7) ? fMTw 

^^XrmxtLT. x > v > 1 0 O gHIEIb b ^ ^ Te 
t^Tf£05S:7 8 i:SotSI?tL^ 
so Tet = Tv^trrax • Rd/Xnax (7 8) 



(13) 
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[0109] y^T-j-fi 7 o <,z^xitm±mm y^t 

*t&0 g mfijiJiiiE P t i 0 K SS^ £ fit, b * tc, ftUl&EE 

Pti = (Twtnsx • Xi/Xnax-Twt 
[0110] ^f?y7 8 0 lZj$-v>T(i^>->*> 1 0(D 
g^fEi&Hi^Tet^ouiS^ru *7--y?7 9 on 
^^Ti±#*i&<7)g«ftijii)jEPti^Tfew5S:8 o ic&o 

T«g£*U L^-S>m^x^^9 0 O^ittfo 

Pti =-T«i/Kp (8 0) 

[0 111] H-8 Ujj*$*tfc#M*©g«ttft A wi« 
S^-fVWf^l 0 1 0 Hj*-V»-Cli, TIEW5S8 

<rv*fl = (0t - Vx+ Lf • y t) / 

av4fr = (y9t • Vx+Lf • y t) / 

awtrl = (/?t • Vx— Lr • y t) / 

av4rr = ( jS t • Vx— Lr - yt) / 
[0 113] 3 0 n^v^T(iTia^8 
^oT#*^<7)g^l2^tfv«i ( i =fK fr, rl. rr) 

t(?)it L.TtHHStU LMI^f'v "Z9 5 0 

0 wti = a ti — a wt i (86) 

[0 1 14] ri>< LXm^<0%—<0%ffiftmKZiX\S, 
x-f-vfi 0 0tcJ5-v>T*^Vx^tc*cf#asi^:Si^ 

S[]iIgGxtrt*?*g$*U 7,7- -J ~f\ 5 0 KM-v^TSg— <75 
g»*«lrtS5«Bat LTjmoBWfo&JnJSftGxt k 
**E&1" « MSO g mm&t) Fxt > g UMfiDiSS G yt K*f 
!6i-«*IP!0§ai«JjFyt, g^H-U- f ytKttlD 

tiffOlfa-*-^ > r-Mzt $*U X-r y 
7" 2 0 0 fcftv»THIR©*prtfflWK]B»i: LT*WcomJ 

ma&m g x u wrE-r * «*«>itr&# f x, it an&s g y 

[0 1 1 5] itzXr-y 7" 2 0 0 lcM-V^T*-<73gg* 
i*W»SAHa(f^&±|EE**U» [1] KioT#t 

yy^gSteiEfia ictiawaai^y »^ 

ho 

[0 116] fLT^f^5 OflKRKJWlAX 

lCii^-f>7'5 5 0 - 7 0 05^f '^l 0 0 0, 1 
0 5 0 ri*Hfr£ tiz> zbizi.*), &%.ifo<r>7s >) y -rntf 
g fax 'J y ff t i (ego* n TIMfJl £ ft £ J: 9 



»Jatt©#Moi*«l»mPtijn r IE05St7 9i:ft 
oT?&i:£ft, Lfri&Af^ 7*9 0 0-^3ttr o 

i) /Kp (7 9) 

pt=J (Gyt/Vx-yt) dt (8 1) 

[0112] Xf7-/9 2 0 U^V->TI±Tie<7)S;8 2 ~ 

(i =fK fr, rK rr) *»**3ft*. i«fi«rt»JCOU» 
TlH 1 2 U3?&fVCV»4jq< , &t&&<DBUmft?5&lft 
10 owti l±#¥^WS**Pzi (i=fU fr» rl, rr) «) 

(Vx-Trf • yt/2) (8 2) 

(Vx+Trf • y t/2) (8 3) 

(Vx-Trr • y t/2) (8 4) 

(Vx+Trr • y t/2) (8 5) 

t2, §aMMn3KGyt2, E&Mmn&mGxt2) n*o- 
#it«?n^»-<ogSx'j ■y7'$«t2i u*-tfv»TW 
20 J: •5#*<t<ofiUI6ffPiSU r ^>->*> 1 oom 

[0 117] itUcftLX-r ? 0 0 HJS'^Th-^J 

fflZtiZ'ji-mrf&Z t #lC»i, Xr y -7°9 0 0- 1 0 5 

T)V\,tS.hm— OlUfSftit (g^3-v-hyt 
K gS«SP«KGytl, gMMf^iDiSffiGxtl) lc*o' 

[0 118] S&oTEI^w^— coHM^Uittlf, * 
SfESJffll^St- J: «J ©J® L i *t«r 

K t on (c-K t) #£ it* w b Ci D *iJIEtttiSiJWl#g 

[0 119] SfcH^OKS— <0|tlfi®«H=J:ittf, 4MH 
so c,f, SP^^f 7 7'5 0 0O«?IJJSSf:fi^t,f < »^ 



(14) 
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m&t mmnvmfiwxmt t <r>mm*<&M.-rz>tz*><r> 

t\ M*.l£x-ry ?5 0 0 IzVt^r&fcmWftiititz 

[oi2o] m-vmmmm 

-<75llJgB|gUS$'V^TIi, H 1 0 CD7o ?*||2KC:^£ 10 
ftT^&iQ < , rnv?B15 U»v*T*— O-BSMtlB 
rt«B«S8* (*M«>B*1ltfcftFxt. BH*;rjFyt, g 
^3-*-> > hMzt) co— SCt LTlMBWW^Sfctt 
. i-*B«rt«Bttl8*i: LTOS8«f«*Fxt. > BUSES 
#Fyt. , g«3-*-> > hMzt. Wffi, S«t 

ffiftK&^ia^flfflflp^gtoBaMHIftflrA. **Fxt. - 
Fx. Fyt. -Fy. Mzt . -Mz t LT?S» S *U 7"n 
y ?B 1 6U»v»TJt«©ES'W» [3] i:J:i)@Sft 
*6«W*fcLT©£*i*©B**y •J'^fcati ( i =f 20 
1, fr. rl. rr) ^ff^tt^o 

[0 12 11 ttzfuvirB 1 7»C»V»TSS— OlS* 
MrtaMfcffi* (Fxt, Fyt. Mzt) fc*ie«lfNl#SOl. 
*F«i«ttig* (Fxt. . Fyt. . Mzt. ) fccOil^tL 

G . = diag (0 , 1 / |To. ( 1 +T 
I ) 

[0 12 4] ttzK. iJE<D-<fe<7>%&t.LX8i1&fflm 
Fxt.. BSfitftFyt.. g^fa-^E-pt > hMzt . H) s 

[Fxt. Fyt. Mzt.] T =K.G. 

[0125] 5 0 (uzn\,*x&±m<7>m-<vn 

^x&fcmumfrtifztz u»±»-©njft^sB«)»# 
t wwiK^ f-Tsr 7*5 50-700 ^nfl s *u utteww 

1) { ftt>titzb&l l ZitX-Tv78 0 O^attfo 

[Fxt. Fyt. Mzt«] T =[Fxt 

- [Fxt. 

[0 12 7] 7f7y8 5 0 Kj^Tlilgl 1 3 \Z7fi$tl 
fc^-f>i:S^t±l«ES-li [2] KJ: ■ 
Of-<Oi«^'J y^Kt\i ( i =fl, fr. rl. rr) 
j4 ? «3*$*U L^*^^x-y7°9 0 0 - 1 0 5 0;4 S ±& 

[0 12 8] Hi 2 U^$tL7t#¥:$&<0g^^'j 

ati«»;V--?->CD^7 i 7 7*4 1 0 - 4 4 0 li-?-tl^tt 
±.&<nm-<D%mfim<F>*TV '/3 1 0-3 4 0tTO 
KflfTSft. 5 0KJH»TI±±iES;2 5US£ so 
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Hmf&^Fxt. . §S«t)Fyt.> B«3-*-*>h 
Mzt. 54««»*it, «l»att»«l*^SU*t-r4B*|*3» 

ftmm.&v%n<r>mbftwmm.iz&'3%mmh-t}ttm 

^fi:©*— ©BWW»*A« fr'Fxt. - Fx. Fyt. - 
Fy. Mzt. -Mzt LXmUZil, 7n^Bl 8 1^ 

^xi±±&<D&frm® [2] izi *)%-<7>EmMmw)U 
mm At Lx<D&w£<om-<oBi%z') vfm K tu 

(i =fl. fr. rl. rr) i>*m$f. 2 fl Z> o 

[0122] mm i o iZ7F2titzm<D7v <? ^icas-it* 
«* ii±ao *-o*»»S!o** t mm \znft 2 ti. 
i tz&rv -j ? \zifc\*fz>m.%\*m 6 »sa 8 Hairs** 
01 lMiai 3 ^zTT^fLtz^-^-yw^xm^mn 

(5 0) iz£ Ztiz 0 

[0123] 11 1 1 n^snru^$p< . ronjfejfcsi 

OXx^T'50-20 0 l±±»*)«— <OHttJBllSO»a- 
fclSI&KHfi^ft, Xf77"2 0 0 <0#;i;||fr£*i.£* 
5 0 lcS$-V^TiittfttU»^6 2il)7^fa 
i-?6 0U 6 OR. 70U 7 onr^thjjztizfflwm 

* (*ME«utPX*) tstsnaiK-t>*7 6 (c«t »)»ms 

*i4**l<o«sijn^SGyar/3-v- r--fe>+r7 8 lC<fc 
•)tlU$iiS¥i03-l'- H y tK*o*#, To. £ 

Fy. 3-*->> hMzUWj-**ie«I»#SOt8»Ja 
s) I , 1/ ITo. (1 +T. s) 
(8 7) 

^t^lg^'J ^yftfiti ( i =fl. fr. rl, rr) # 

[Fxt Fyt Mzt] T 

(8 8) 

[0126] Xt7 7"8 0 0 lcJ*-v^TliTIS<OS:8 9 tc 
fl£or«Hg«**U»^aKW-r«*«<OB*«^Fxt 
g#«*Fyt... g^3-^e-pt > fMzt . 

Fyt Mzt] T 
Fyt . Mzt . ] T (8 9) 

**}*^stL. at-77'4 6 o \zn\,>xitjm<o$m<ota 

f^tJFx. «t)Fy. 3-*-^ > bMzA^*«&<D^'J 
vyft tfitcrOMRfl'SiiaitJCJ: ±ffi^2 7tz 
i O^fc^^-L^atfTV J . tfmmSti. A7- vf4 
7 0^»v»Ttt±SES:3 OUffioTBaHfjE** o» IP 

'J 7 P ftc75g1l^iE* ( y ati (i=fl.f 
r. rl, rr) *»»*$il*o M - <0*^±f£S; 3 0 ICj* 
lt&#S*Ww. . We. . W„. I±^*3BK»U**<5> 
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[0 12 9] Xf77'4 8 0K»V*Tli#**&«>BS* 
>) VflSati tfm&<DX ') -y -7j§ a i t X U y 7% CO g 

JURIES <J ati tOfPt LTTIBO^:9 0i:Sotil| 
Sft, L*S^Xf7 -/5 0 O^itti-o 

a ti = ai + 5 ati (9 0) 

[0 13 0] HI 3\,z?ji2titz&$.&<7)%-<DBmxV 
■J -7^ Kl\\\%%)\,- + y <D7.t- y ~f % 6 0-8 8 0 l± 
^rti^ix±i^cr>m— <D$kW&m<D*7- -y ~f % 6 0-68 

o corns tmm~$kfr£ti. ^f7/8 9oi:i*v>tii 10 

&M%iCom-coBm*V y-f^KiMtfm&o*') y-f 

m«i txv •y^osm^iEM.Kti toat lttis 

<7>5$9 1 K&oT?£#$;H, LMt^f^SOO^ 
ittfo 

«tli = Ki + 5/tti (9 1) 

[0 13 1] fr< LTIH^Wll-O^Jfe^tcitLl^ 
Xx -y -f2 5 0 KSH>TS«flJ«#SOjg&&#ttG . 

^W^Fxt, B«HS£fFyt, §^3-*-^>hMzt 

K*t1-4B«lrtg|$#®=fii LT<7)*$i<7)g«mrf**Fxt 

^77-4 o ot»v>T#iewtpfai:ttt4* 

J|S;h.4 0 

[0 13 2] f 1^77^5 0 0tCj*v»-C#5e*|g(l** 
frfcft/ct li:Uxf 7^8 0 OS. 1^8 5 0 tS^t S *i 
fcf^7 7 7'9 0 0--jt*, ftlZAT y~f% 0 0 \zH$\,* 

xmmcoBmm&DFxt. B««»Fyu g^a-*- 30 

««f»*Fxt.» B««*Fyt., g*§3-^-^ > h 
Mzt. *«»i-*itUJ: »)«HE«*«U»¥S»c*t-t4 
B£rt8M*Slgfc Lt«)«fflOHIM*Fxt. , §« 
«2»Fyt., BSl3-4-> > hMzt «"ji*8WS;h., X 
7 7^8 5 OU^Tg&lMifefcFxt, , g^«t)Fyt 
« , If a-*-^ > hMzt. \z&-3£<&&&<r>m—<r> 

[0133] eeoTwW^ronife^^inif, ±a 

iz® *) #*. h tti cox, MB^jfefTttJSd^se-C** t 
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«C0jtfra»flJ®<0«&j£££ii5< LTMKJjfefrttSR 
iiit £W#llcR*iL-f 4 - t £ 4 D 
[0 13 4] i/;l^«roiMli:J:<ill ±iE 
Ol&-<Og|ife^co*£-fc MIOjfeflttJK**^* 

^5 0 o©«ai»*»=«K??>r, »i6w»¥«i±a«*: 

«f « K J: 4 g-co g ««« n«B«UBIS t HI&colMS 
Wffl5^BSt<Oig||Sre^1-4^*i)W#**&Oggl^U 
T'ft ati H«c?v>T«Uffll$^4<0-e, MZ.\£X7- v7 
5 0 0 U»v»T55e«gll**ff*>ii.fci: # tcii#¥«fcOg 
IX') -y/ftati feH*W*f/i'fcJ:4!IS~tf>BfMm! 

*KJtLT, ¥#K076^att«r5t^l^5e*^U«l^ 

[0135] teiizmTFom—o&Mtemizxtu^ m& 
mm^&cDBmmwimwmFxt . , Fyt. , Mzt. aw 

$IJIES6^i6lJffil#S<Og«^S)ftlJ»»Fxt« > Fyt.« , M 

zt« tfrnnzti, Bmmwm»*Fxt . . Fyt. , Mzt 
$«»¥s<73 summm, hp*. g«^ u ■» -/a « t i 

S*U f JtBS^lb««»aFxt. , Fyt. , Mzt. 
fUCE&^asitCi »)#*l»»wOv>-c«Hgil)*W 

s *t4 cot?, BSfl-sw tc£<s^?ae» *ia*-r * 
[0136] n\s^±mcom-commwmizxfn£. mm 

£&co B SfttJ«*:co@e*tc^ L 8 =Jt 8 Wolf 911** »*> 
If, 4^4?iJO^y*£-@?fSJt1-ftl;fJ:^<OT% 
[0 13 7] »±J60#SSElft®SHcJ:ittf, 0S»^r*» 

L r **i<03feff*3ett * mm \z [fi]± s * z z t ifi-c § , 

4 i t tc ± l-fnox y y** s $ijffli ? ti4 cor-, j. 
> ->* > co m*) #vm S it ft Jt L T^ffico^tf £ 

5£tt£5ii!K|Sj±S-»ir4C: t^T'§4 0 

[0 13 8] ia±c»r»4*»(ii*W3eojtiBB«iuo 
v> tffi H Si^ L tz l±±^co^ifeff^ffi R£ 
StL4^C0t?l±ft<, *»930«Hl*Si:rfftO«*W|| 

[0 13 9] fflk\£±&<D&nffiBm-1fr^rii, fl^ 
»««[AXIi»-OB*Wlirt*ttl8* (Fxt, Fyt, 
Mzt) StfUI&CO^ISirtgMfcSsa (Fx, Fy, Mz) U 

§fL4i : ?HftoTv>43i*, »-OB**IPWt3S* ( y 
t, Gyt, Gxt) ftU>XIR«>m4Ani: (/, Gy, G 
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* $ fix t £ < , 4 fc=oortfflttJB*X»±«S!*0— 
UK 

[0 14 0] Sfc±««)»WBR||K»v»r«4, fl36» 
ifAXi:llO<^f7y5 0 0W*jg!IlcJ: *)«tjffl)*- : 

#x.t>*i-C& J: < , 5Efc«±S<E#Ui ^WfiZtiZ®*) 

*.(2?atBHA t H— ©ttJB Afl5ffiBU*»*»*1*H¥ 5 
- 9 9 0 5 7 2 0 0 0- 1 0 8 9 1 5f 

[0 14 1] f fci&O&flJfclJStKK^-CI*, ##<t 

>j » 'J 7 7^t«I«p 20 

i9tv>5^ &*4&<offllt&;fc $ lix > -y > 

[0 14 2] £fcJbXo#|Otig8K:fev»?a, iMSJi 

[0143] t tz±m<r>^m.mmm^n^rit. *wi 

u wig®i*«jffli#gi±^ > v > 1 0 <r>mm vfispzw 
s z. t k x 1 ^Tco*^cofg»i* i#&®izmm-r 
itmtivm^et (x>v>«Jisi2 6) 

k \mm y*-? &,<oam tLxm 

immizm®-zimx'*> *>, m®jjm®^&tf&<f.n<nm 
mt)Z®mzmm^mx'$>i>£dmi8LZtixk3L^o 
[0144] t fc±ao#**^«nK-v»Tii, #m® 40 
iiiff^7-Af7')>^i5 6> 6 6 own 

»K5 8L, 5 8L. 68L, 6 8R^iI?A { 7? 
fai-HOL, 60L, 70L, 70Ri:iotpT 

a*, &mmt&*mmzmibtifcmmm.izt taut 

[Hffi<7)W#^gi^] 
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